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KDUGZDUHDQGVRIWZDUHIRUVHOHFWHGFRQVWUXFWLRQDSSOLFDWLRQV7KHIUDPHZRUNLVGHVLJQEDVHGRQDSSOLFDWLRQ
VREMHFWLYHXVLQJD
UDSLGSURWRW\SLQJDQG LWHUDWLYHV\VWHPUHILQHPHQWPHFKDQLVP7KHUDSLGSURWRW\SLQJDOORZVHDUO\HYDOXDWLRQRI WKHFRQILJXUHG
V\VWHPEHKDYLRUDQGSHUIRUPDQFH7KHSURSRVHGGHVLJQ LQFRUSRUDWHVDVHOIDGDSWLYHFRPSXWLQJFRQFHSWZKLFK LVDEOH WRVHOI
FRQWURO LWV LQWHUQDO IXQFWLRQV DQG RSHUDWLRQVZKLOH DGDSWLQJ WR WKH FRQWLQXDOO\ FKDQJLQJ MRE VLWH HQYLURQPHQW )LYH SURWRW\SH
GHVLJQV DUH SUHVHQWHG WR VXSSRUW FXUUHQW SUDFWLFHV RI FRQVWUXFWLRQ RSHUDWLRQV LQ RXWGRRU DQG LQGRRU HQYLURQPHQWV 7KH SDSHU
DUWLFXODWHV WKH GHVLJQV REMHFWLYHV V\VWHP IXQFWLRQDOLWLHV KDUGZDUH FRQVWUDLQWV DQG WKH SHUIRUPDQFHPHDVXUHV 7KH GHYHORSHG
KDUGZDUHZHUHWHVWHGLQUHDOWLPHDQGTXLFNO\DGMXVWHGXQWLOWDUJHWHGSHUIRUPDQFHPHDVXUHVZHUHVDWLVILHG7KHREWDLQHGUHVXOWV
VKRZ WKH FRQVLVWHQF\ RI WKH GHYHORSHG SURWRW\SHVZLWK WKHLU H[SHULPHQWDO DSSOLFDWLRQV DQG WKHLU HIILFLHQF\ LQ FRPSDULVRQ WR
WUDGLWLRQDOSUDFWLFHV
7KH$XWKRUV3XEOLVKHGE\(OVHYLHU/WG
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RIWKH'LDPRQG&RQJUHVV.IW
Keywords:FRQVWUXFWLRQRSHUDWLRQVPDQDJHPHQWUDSLGSURWRW\SLQJVHOIDGDSWLYHFRPSXWLQJZLUHOHVVVHQVRUQHWZRUNV


&RUUHVSRQGLQJDXWKRU7HO
E-mail address:PDJG\RPDU#\DKRRFRP
© 2014 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Peer-review under responsibility of the Diamond Congress Kft.
261 Magdy Ibrahim and Osama Moselhi /  Procedia Engineering  85 ( 2014 )  260 – 273 
,QWURGXFWLRQ
5HFHQW DGYDQFHPHQW LQ FRPSXWLQJ DQG LQIRUPDWLRQ WHFKQRORJLHV KDV SUHVHQWHG WUHPHQGRXV RSSRUWXQLWLHV IRU
DXWRPDWLRQLQFRQVWUXFWLRQLQGXVWU\7KHVHWHFKQRORJLHVSUHVHQWDGYDQFHGPHWKRGRORJLHVLQGDWDDFTXLVLWLRQFDSDEOH
RIJDWKHULQJRQVLWHGDWDZLUHOHVVO\LQQHDUUHDOWLPH2QHRIWKHDGYHQWVLQWKRVHWHFKQRORJLHVLVZLUHOHVVVHQVRUV
QHWZRUNV :61 ZKLFK KDV PDQ\ SRWHQWLDO DSSOLFDWLRQV LQ FRQVWUXFWLRQ SURMHFWV PDQDJHPHQW VXFK DV EXLOGLQJ
DXWRPDWLRQSURMHFWWUDFNLQJDQGFRQWUROMREVLWHVDIHW\DQGFLYLOLQIUDVWUXFWXUHPRQLWRULQJ:61DUHHTXLSSHGZLWK
DQXPEHURI VHQVRUVDQGFRPPXQLFDWLRQGHYLFHVZKLFKSURYLGH WKHFDSDELOLW\ WRDXWRPDWHDQG LQWHJUDWHPXOWLSOH
GDWD VRXUFHV :61 KDUGZDUH DQG VRIWZDUH FRQILJXUDWLRQ LV KLJKO\ GHSHQGDEOH RQ WKHLU SRWHQWLDO DSSOLFDWLRQ
REMHFWLYHV DQG UHTXLUHG SHUIRUPDQFH $OWKRXJK DGYDQFHG :61 WHFKQRORJLHV SURPLVH D JUHDW DGYDQWDJH RI
GHSOR\PHQW LQFRQVWUXFWLRQ OLWWOH UHVHDUFKKDYHEHHQSXUVXHG WRSURYLGHD VROLGXQGHUVWDQGLQJ IRU H[SORLWDWLRQRI
WKHLUFRQILJXUDWLRQVDQGDSSOLFDWLRQVLQFRQVWUXFWLRQPDQDJHPHQW7KLVSDSHUIRFXVHVRQGHVLJQLQJDQGFRQILJXULQJ
ZLUHOHVVVHQVRUQHWZRUNVKDUGZDUHDQGVRIWZDUHIRUVHOHFWHGFRQVWUXFWLRQDSSOLFDWLRQV

1RPHQFODWXUH
&6&0 &RQVWUXFWLRQVXSSO\FKDLQPDQDJHPHQW
*36 *OREDO3RVLWLRQLQJ6\VWHP
0ELWV 0HJDELWSHUVHFRQG
PMGD\ PLOOLMRXOHSHUGD\
5) 5DGLRIUHTXHQF\
5),' 5DGLR)UHTXHQF\,GHQWLILFDWLRQ
566, 5HFHLYHGVLJQDOVWUHQJWKLQGH[
8:% 8OWUD:LGH%DQG
:61 :LUHOHVVVHQVRUQHWZRUNV
/LWHUDWXUH5HYLHZ
$QXPEHURI UHVHDUFKHIIRUWVKDYH LQYHVWLJDWHG WKHXVHRI:61VIRUEXLOGLQJPDQDJHPHQW.LQWQHU0H\HU >@
LQVWDOOHGZLUHOHVVWHPSHUDWXUHVHQVRUVLQWZRRIILFHEXLOGLQJVIRUHQHUJ\PRQLWRULQJDQGFRQWURO7KHDXWKRUUHSRUWHG
FRQVLGHUDEOHRSHUDWLRQDODQGHQHUJ\EHQHILWVRIXVLQJZLUHOHVVVHQVRUV2VWHUOLQGHWDO>@WHVWHGDQGFRQILUPHGWKH
IHDVLELOLW\RILQWHJUDWLQJ:61VZLWKEXLOGLQJDXWRPDWLRQV\VWHPVDQGFRQFOXGHGWKDWVXFKLQWHJUDWLRQZRXOGOHDGWR
FRVW VDYLQJV LQ EXLOGLQJPDQDJHPHQW+XDQJ HW DO >@ UHSRUWHG DQ LQWHJUDWHG GHSOR\PHQW WRRO IRU =LJ%HHEDVHG
:61VDQG WHVWHG LW LQDQRIILFHEXLOGLQJ-DQJHWDO >@XVHG:61VIRUGDWDDFTXLVLWLRQ LQDZHEEDVHGEXLOGLQJ
HQYLURQPHQWDOPRQLWRULQJ V\VWHP'DWD DFTXLUHGE\ZLUHOHVV VHQVRUV LV SURFHVVHG DQG VWRUHG E\ D FRPSXWHU DQG
WKHQ UHYLHZHGE\XVHUVYLD DZHEEDVHG LQWHUIDFH+DQQHHW DO >@ SUHVHQWHG D FDVH VWXG\ DQG LQLWLDO WHVWLQJRI D
ZLUHOHVV VHQVRU QHWZRUN :61 WR VXSSRUW EXLOGLQJ HQHUJ\PDQDJHPHQW XWLOL]LQJ:HE VHUYLFHV DQGPLGGOHZDUH
WHFKQRORJLHV7KHH[SHULPHQWDOZRUNSUHVHQWHGLOOXVWUDWHGWKDWDFRPELQDWLRQRIFRPPHUFLDOO\DYDLODEOH:61IURP
GLIIHUHQW YHQGRUV RSHUDWLQJZLWK VHYHUDO FRPPXQLFDWLRQ VWDQGDUGV FDQ EH HPSOR\HG WRPRQLWRU DQGPHDVXUH UHDO
WLPHGDWDVXFKDVWHPSHUDWXUHOLJKWKXPLGLW\DQGSRZHUFRQVXPSWLRQ

7KHDSSOLFDWLRQRI:61VKDVEHHQH[WHQGHGEH\RQGHQYLURQPHQWDOPRQLWRULQJWREXLOGLQJDXWRPDWLRQ)HQJHW
DO>@SURSRVHGD:61VEDVHGVPDUWVHQVLQJDQGFRQWURODOJRULWKPZKLFKFRXOGDGMXVWWKHWKHUPDOTXDOLW\RIWKH
EXLOWHQYLURQPHQWVDFFRUGLQJWRWKHLQWHULRUDQGH[WHULRUWHPSHUDWXUHDQGWKHEHKDYLRURIWKHLQKDELWDQWV+XDQJHW
DO>@GHVLJQHGDKLHUDUFKLFDO:61ZKLFKLQFOXGHGWKUHHNLQGVRIQRGHVIRUGLIIHUHQWOHYHOVRIWDVNV7KH:61ZDV
WHVWHG IRU VPDUW KRPH DSSOLFDWLRQ WR DXWRPDWH WKH OLJKWLQJ DQG+9$& FRQWUROV0DODWUDV HW DO >@ SURSRVHG DQ
DUFKLWHFWXUDO IUDPHZRUN WKDW HQDEOHG WKH LQWHJUDWLRQ RI :61V LQ DQ RYHUDOO IDFLOLW\ PDQDJHPHQW HQWHUSULVH
DUFKLWHFWXUH ZKLFK DLPHG WR VXSSRUW WKH EXLOGLQJ DXWRPDWLRQ XQGHU D XQLI\LQJ IUDPHZRUN +XDQJ HW DO >@
SURSRVHGDZLUHOHVV VHQVRUQHWZRUN :61DUFKLWHFWXUH IRUEXLOGLQJ+9$&V\VWHPPRQLWRULQJDQGPDQDJHPHQW
7KHLUQHWZRUNDUFKLWHFWXUHXWLOL]HVWKHEHQHILWVRIHQHUJ\KDUYHVWLQJDQGSRZHUOLQHFRPPXQLFDWLRQ
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$OVRVRPHUHVHDUFKHIIRUWVKDYH LQYHVWLJDWHG WKHXVHRI:61VIRU LQIUDVWUXFWXUHPRQLWRULQJ6DGHJKLRRQDWDO
>@GHYHORSHGDPHWKRGRORJ\ IRU OHDNGHWHFWLRQ LQZDWHUSLSHOLQHVXVLQJZLUHOHVV VPDUW VHQVRUQHWZRUNV 7KHLU
GHYHORSHG PHWKRG LV DEOH WR PRQLWRU WKH FRQGLWLRQ LQ SDUWLFXODU WKH SUHVVXUH DQG KHQFH OHDNV RI EXULHG ZDWHU
SLSHOLQHV 7KLV PHWKRG DOORZV HDV\ LQVWDOODWLRQ RI WKH VHQVRU QRGHV RQ SLSHV ZLWKRXW MHRSDUGL]LQJ WKH SLSHV¶
VWUXFWXUDOLQWHJULW\7KHLUDGYDQWDJHRYHURWKHUFRPPRQO\XVHGOHDNGHWHFWLRQPHWKRGVLVWKDWWKH\KDYHDGHJUHHRI
UHGXQGDQF\DVLQGLYLGXDOIDXOW\QRGHVGRQRWUHQGHUWKHZKROHV\VWHPREVROHWHDQGDOORZIRUFRQWLQXRXVPRQLWRULQJ
ZLWKRXW RSHUDWRU LQWHUYHQWLRQ $OVR WKH XOWUDORZ SRZHU VPDUW ZLUHOHVV VHQVRU QHWZRUNV DOORZ WKHP WR VWD\
RSHUDWLRQDOIRUH[WHQGHGSHULRGVRIWLPHZLWKRXWPDLQWHQDQFH

5HFHQWUHVHDUFKGHPRQVWUDWHGWKDWGDWDFROOHFWLRQWHFKQRORJLHVDQGVHQVRUVFRXSOHGZLWKPRELOHFRPSXWHUVFDQ
SURYLGH FRVWHIIHFWLYH VFDODEOH DQG HDV\WRLPSOHPHQW SURJUHVV WUDFNLQJ DW FRQVWUXFWLRQ VLWHV 6HYHUDO GDWD
FROOHFWLRQ WHFKQRORJLHV KDG EHHQ XWLOL]HG IRU WUDFNLQJ RI FRQVWUXFWLRQ DFWLYLWLHV VXFK DV ' LPDJLQJ *OREDO
3RVLWLRQLQJ6\VWHP*365DGLR)UHTXHQF\,GHQWLILFDWLRQ5),'8OWUD:LGH%DQG8:%KDQGKHOGFRPSXWHUV
YRLFHUHFRJQLWLRQDQGZLUHOHVVWHFKQRORJLHV&DYDQDXJK>@SUHVHQWHGDV\VWHPWKDWXVHVUDGLRIUHTXHQF\DQGUDGDU
WHFKQRORJ\WRORFDWHLQWKUHHGLPHQVLRQVZRUNHUVLQGRRUV$QRWKHUVWXG\E\7HL]HUHWDO>@GHPRQVWUDWHGWKDWWKH
XVHRI UHPRWH VHQVLQJDQGDFWXDWLQJ WHFKQRORJLHV VXFKDV5)8OWUD:LGHEDQG 8:%DQG LPDJLQJ WHFKQRORJLHV
FDQ LPSURYH FRQVWUXFWLRQ VDIHW\ E\ZDUQLQJ RU DOHUWLQJZRUNHUV RQ IRRW DQGRU HTXLSPHQW RSHUDWRUV LQ UHDOWLPH
ZKHQD WRRFORVHSUR[LPLW\ WRXQNQRZQRURWKHUFRQVWUXFWLRQ UHFRXUVHVFDQFDXVHKD]DUGV7KHVWXGLHVE\7HL]HU
>@ KDYH VKRZQ SURPLVLQJ UHVXOWV LQ RXWGRRU FRQVWUXFWLRQ H[SHULHQFHV DV ZHOO DV SRWHQWLDO IRU LQGRRU VDIHW\
LPSURYHPHQW,QWKLVUHVSHFW=KDQJHWDO>@XVHGDPXOWLDJHQWV\VWHPWRGHWHFWSRVVLEOHFROOLVLRQVRUFRQIOLFWV
DVVRFLDWHG ZLWK RSHUDWLRQV RI HTXLSPHQW RQ FRQVWUXFWLRQ VLWHV ,Q DGGLWLRQ WR WKH GDWD DFTXLVLWLRQ WHFKQRORJLHV
GHVFULEHGDERYHYLVLRQEDVHGWUDFNLQJKDVJDLQHGVRPHFUHGLELOLW\DPRQJUHVHDUFKHUV,QDUHFHQWVWXG\%ULODNLVHW
DO>@SUHVHQWHGDQDXWRPDWHGIUDPHZRUNRIYLVLRQEDVHGWUDFNLQJXVLQJWZRFDPHUDV$OWKRXJKWKLVPHWKRGVHHPV
WRRYHUFRPHVHQVRUVLQWHUPVRIFRYHUDJHDUHDDQGEHLQJLQGHSHQGHQWRILQVWDOOHGWDJVRQWKHREMHFWVLWLVVWLOOPXFK
FRVWO\ DQG UHTXLUHV D PRUH LQYROYHG PDLQWHQDQFH DQG FDOLEUDWLRQ 6KLQ HW DO >@ SURSRVHG D PHWKRGRORJ\ IRU
FRQVWUXFWLRQ VXSSO\ FKDLQ PDQDJHPHQW &6&0 YLD LQWHJUDWLRQ RI 5),' DQG :61 WHFKQRORJLHV ,Q WKHLU
PHWKRGRORJ\WKHPDWHULDOIORZLVUHFRJQL]HGE\5),'DQG=LJ%HHQRGHVDQGWKHIORZLQIRUPDWLRQLVFRPPXQLFDWHG
LQUHDOWLPHWKURXJK:617KLVUHVHDUFKVKRZHGWKHEHQHILWVDQGVDYLQJVLQSURFHVVWLPHDVZHOODVHIIHFWLYHDQG
HIILFLHQWLQIRUPDWLRQPDQDJHPHQWRI&6&0;LDHWDO>@SURSRVHGWKHXVHRIZLUHOHVVVHQVRUQHWZRUN:61IRU
PRQLWRULQJDWFRQVWUXFWLRQVLWHV7KHDXWKRUGHPRQVWUDWHGWKHSRVVLEOHEHQHILWVRIXVLQJ:61VXFKDVLPSURYHPHQW
RIFRQVWUXFWLRQVDIHW\VLWHVDIHW\HQKDQFHVFKHGXOHDQGSURJUHVVWUDFNLQJRIFRQVWUXFWLRQSURMHFWVDQGFRQWUROWKH
FRQVWUXFWLRQTXDOLW\VXSHUYLVLRQ

$ QHZ WUDFNLQJ DUFKLWHFWXUH ZDV LPSOHPHQWHG XVLQJ ZLUHOHVV VHQVRU PRGXOHV E\ FRPELQLQJ UDGLR IUHTXHQF\
VLJQDOV DQG8OWUDVRXQG WKH UHVXOWV VKRZHGDFFXUDWHSRVLWLRQ HVWLPDWLRQVZLWK HQKDQFHGQHWZRUN IOH[LELOLW\ >@
+RZHYHUWUDGLWLRQDOXOWUDVRXQGSRVLWLRQLQJKDVVRPHGLVDGYDQWDJHVLQFOXGLQJOLQHRIVLJKWWUDQVPLVVLRQPXOWLSDWK
KLJK FRVW DQG SRZHU FRQVXPSWLRQ ZKLFK PD\ KLQGHU WKH SRVVLEOH DSSOLFDWLRQV LQ FRPSOLFDWHG FRQVWUXFWLRQ
HQYLURQPHQWV >@9DULRXVFRPELQDWLRQVRI5),'DQG=LJEHHEDVHG VHQVRUQHWZRUNVKDYH DOVREHHQ DSSOLHG IRU
PDWHULDOV WUDFNLQJ DQG VXSSO\ FKDLQ PDQDJHPHQW >@ 5),' WDJV ZHUH XVHG WR LGHQWLI\ YDULRXV NLQGV RI
FRQVWUXFWLRQPDWHULDOVDQGWKH=LJ%HHFRPPXQLFDWLRQWHFKQRORJ\ZDVXVHGWRZLUHOHVVO\WUDQVIHUWKLVLQIRUPDWLRQ
7KHVH VWXGLHV FRQILUPHG WKDW :61 FDQ LPSURYH WKH ZLUHOHVV FRPPXQLFDWLRQ DQG QHWZRUN IOH[LELOLW\ EXW WKHLU
SULPDU\XVHZDVRQO\GDWD WUDQVPLVVLRQ DQGQRWSRVLWLRQLQJ6KHQ DQG0LQJ >@ LQYHVWLJDWHG WKH DSSOLFDWLRQRI
=LJ%HHEDVHG:61IRULQGRRUSRVLWLRQLQJDQGWUDFNLQJRIFRQVWUXFWLRQUHVRXUFHV7KHLU:61SRVLWLRQLQJV\VWHPLV
FRPSRVHG RI D JURXS RI VWDWLRQDU\ DQG PRELOH QRGHV WKDW FDQ FRPPXQLFDWH ZLWK RQH DQRWKHU 7KH PXOWLSOH
VWDWLRQDU\QRGHVDUHIL[HGDWSUHGHILQHGORFDWLRQVRQVLWHWRHVWDEOLVKDQDGKRFORFDOSRVLWLRQLQJQHWZRUN5HDOWLPH
SRVLWLRQVRIWKHPRELOHQRGHVZKLFKDUHDWWDFKHGWRFULWLFDOUHVRXUFHVEHLQJWUDFNHGDUHGHWHUPLQHGE\DSSO\LQJWKH
566,PHWKRGDQGWKHWULODWHUDWLRQDOJRULWKP+RZHYHUWKH566,YDOXHVDUHVXVFHSWLEOHWRDSSOLFDWLRQHQYLURQPHQWV
ZKLFKSUHVHQWGLIILFXOWLHVDQGFKDOOHQJHVWRLPSOHPHQWDWLRQRIVXFKSRVLWLRQLQJPHWKRGRORJLHVLQFRPSOLFDWHGDQG
G\QDPLFVHWWLQJVLQFRQVWUXFWLRQ
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7KLVSDSHU IRFXVHVRQGHVLJQLQJDQGFRQILJXULQJZLUHOHVV VHQVRUQHWZRUNVKDUGZDUHDQG VRIWZDUH IRU VHOHFWHG
FRQVWUXFWLRQDSSOLFDWLRQV7KHIUDPHZRUNLVGHVLJQEDVHGRQDSSOLFDWLRQ
VREMHFWLYHXVLQJDUDSLGSURWRW\SLQJDQG
LWHUDWLYHV\VWHPUHILQHPHQWPHFKDQLVP7KHSURSRVHGGHVLJQLQFRUSRUDWHVDVHOIDGDSWLYHFRPSXWLQJFRQFHSWZKLFK
LV DEOH WR VHOIFRQWURO LWV LQWHUQDO IXQFWLRQV DQG RSHUDWLRQV ZKLOH DGDSWLQJ WR WKH FRQWLQXDOO\ FKDQJLQJ MRE VLWH
HQYLURQPHQW
6HOI$GDSWLYH&RPSXWLQJ
6HOIDGDSWLYH V\VWHPVPRGLI\ WKHPVHOYHV DW UXQWLPH LQ RUGHU WR FRQWURO WKH VDWLVIDFWLRQ RI WKHLU UHTXLUHPHQWV
XQGHU FKDQJLQJ HQYLURQPHQWDO FRQGLWLRQV 2YHU WKH SDVW FHQWXU\ IHHGEDFNORRSV KDYH EHHQ XVHG DV LPSRUWDQW
PRGHOVIRUFRQWUROOLQJG\QDPLFEHKDYLRURIPHFKDQLFDOHOHFWULFDOIOXLGDQGFKHPLFDOV\VWHPVLQWKHFRUUHVSRQGLQJ
ILHOGVRIHQJLQHHULQJ0RUHUHFHQWO\WKH\DOVRKDYHEHHQDGRSWHGIRUHQJLQHHULQJVHOIDGDSWLYHVRIWZDUHV\VWHPV,Q
WKH ILUVW GHFDGHRI WKH QHZFHQWXU\ ,%0 UHVHDUFKHUV SURSRVHG WKHQRWLRQRI DQ DXWRQRPLF HOHPHQW DV DEXLOGLQJ
EORFN IRU VHOIPDQDJLQJ V\VWHPV LQ WKH IRUP RI DPRQLWRULQJDQDO\VLVSODQQLQJH[HFXWLRQ DQG VKDUHG NQRZOHGJH
0$3(. ORRS WKDW FRQWUROV D PDQDJHG FRPSXWLQJ HOHPHQW >@ 0DQ\ UHVHDUFKHUV KDYH UHFHQWO\ SURSRVHG
VLPLODU VRIWZDUH DUFKLWHFWXUH FRQVWUXFWV DQG DSSOLHG WKHVH FRQFHSWV WR HQJLQHHU VHOIDGDSWLYH VHOI RUJDQL]LQJ DQG
VHOIPDQDJLQJVRIWZDUHV\VWHPV>@

7KLVUHVHDUFKLQWHJUDWHVDVHOIDGDSWLYHFRPSXWLQJV\VWHPZKHUHWKHIHHGEDFNORRSGULYHVLWVDUFKLWHFWXUHZKLFK
LVEDVHGRQWKHUHIHUHQFHPRGHOIRUWKHHQJLQHHULQJRIVHOIDGDSWLYHVRIWZDUHV\VWHPVSURSRVHGLQDSUHYLRXVZRUN
>@7KHPDLQ JRDO IRU WKH VHOI DGDSWLYH FRPSXWLQJ V\VWHP LV WRPRQLWRU DQG SUHVHUYH WKH FRQWH[WXDO UHOHYDQFH
WDNLQJLQWRDFFRXQWH[WHUQDOFRQWH[WFKDQJHV
5DSLG3URWRW\SLQJ
7KH UDSLGSURWRW\SLQJ DSSURDFK LQYROYHV SURGXFWLRQRI DQ HDUO\YHUVLRQRI WKH V\VWHP WKDW LOOXVWUDWHV HVVHQWLDO
IHDWXUHVRIWKHODWHUILQDORSHUDWLRQDOYHUVLRQ6XFKSURFHVVDFFHOHUDWHVSURWRW\SHVGHYHORSPHQWDQGDOORZVPXOWLSOH
LWHUDWLRQV WKURXJK WKH UHILQHPHQW SURFHVV 7KH LWHUDWLYH PHFKDQLVP ILQH WXQHV WKH SURWRW\SH WR WKH QHHGV RI WKH
GHVLJQHG DSSOLFDWLRQZKLFK OHDGV WR D KLJK GHJUHH RI FRQILGHQFH LQ WKH XVDELOLW\ RI WKH ILQDO HQG SURGXFW*RRG
V\VWHPNQRZOHGJH LV FUXFLDO WR GHVLJQ DQ HIILFLHQWZLUHOHVV VHQVRUQHWZRUNV :61GDWD DFTXLVLWLRQ V\VWHP7KH
GHVLJQRID:61LVEDVHGRQWKHDSSOLFDWLRQRUV\VWHPVSHFLILF7KHUHDUHDOVRDQXPEHURIXVDELOLW\FRQFHUQVWKDW
PXVWEHDGGUHVVHG

7KHWDUJHWXVHUVRIWKHVHSURWRW\SHVDUHWKHFRQVWUXFWLRQSURMHFWPDQDJHPHQWFRPPXQLW\DQGWKHUHIRUHZHFDQQRW
DVVXPHWKDWWKHXVHUVRIVXFKV\VWHPVKDYHDVWURQJEDFNJURXQGLQHOHFWULFDOHQJLQHHULQJ7KHUHIRUHLWLVGHVLUDEOHWR
OLPLW WKHLQSXWVHQVRUV WRDSUHGHILQHGVHWRIVLPSOHSOXJDQGSOD\PRGXOHV7KHVRIWZDUHLQWHUIDFHVVKRXOGDOVR
VKDUHWKLVFKDUDFWHULVWLFRIVLPSOLFLW\ZKLOHPDLQWDLQLQJIOH[LELOLW\7KHXVHUVKRXOGQRWEHUHTXLUHGWROHDUQDQHZ
SURJUDPPLQJODQJXDJHLQRUGHUWRXVHWKHV\VWHP7KHFRVWRIWKHSODWIRUPPXVWDOVREHVXIILFLHQWO\FRVWHIIHFWLYHWR
MXVWLI\LWVXVH7RVXPPDUL]HWKHSURWRW\SLQJV\VWHPVKRXOGKDYHWKHIROORZLQJFKDUDFWHULVWLFV
• +DUGZDUHEDVHGPRGXOHVDFFHVVLEOHWRXVHUVZLWKOLWWOHEDFNJURXQGLQHOHFWULFDOHQJLQHHULQJ
• $GGUHVVHVVSHFLILFUHTXLUHPHQWVIRUFRQVWUXFWLRQDSSOLFDWLRQV
• $OORZVIRUHDV\UHFRQILJXUDWLRQRIERWKKDUGZDUHDQGVRIWZDUHIRUXVHLQPDQ\GLIIHUHQWDSSOLFDWLRQV
• 3URYLGHVDXVHULQWHUIDFHWKDWLVFRPSDWLEOHZLWKFXUUHQWSUDFWLFHVLQFRQVWUXFWLRQPDQDJHPHQW
• /RZFRVWFRPSDUHGWRDOWHUQDWLYHDSSURDFKHV
3URWRW\SLQJLVFRQVLGHUHGDWERWKWKHKDUGZDUHDQGVRIWZDUHOHYHO$OWKRXJKWKHWHFKQLTXHVDQGFRQVWUDLQWVGLIIHU
LQKDUGZDUHDQGVRIWZDUHFRQILJXUDWLRQ WKHREMHFWLYHVDQGPHWKRGRORJLHVFDQEHTXLWH VLPLODU ,QRUGHU IRU UDSLG
SURWRW\SLQJWREHVXFFHVVIXOWKHGHYHORSPHQWSURFHVVKDVWREHZHOOGHILQHGDVZHOODVWKHSURWRW\SHDUFKLWHFWXUHRU
GHVLJQ,Q7KLVUHVHDUFKPRGXODUKDUGZDUHLVXVHGWRPDNHUDSLGSURWRW\SLQJHDVLHUDVZHOODVWRDOORZIRUTXLFNHU
UHGHVLJQDQGWKHDELOLW\WRUHXVHVRPHRIWKHKDUGZDUHPRGXOHV7KLVDSSURDFKLVHDV\WRUHGHVLJQWKHSODWIRUPWR
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DGDSW WKH V\VWHP WRGLIIHUHQW DSSOLFDWLRQV7KHPDLQ IHDWXUHVRI WKHVHPRGXOHV DUH ORZFRVW VPDOO VL]H DQG HDV\
DGDSWDWLRQWRGLIIHUHQWDSSOLFDWLRQV7KHPRGXODUSODWIRUPXVHGLQWKLVUHVHDUFKFRQVLVWVRIWKUHHOD\HUDVVKRZQLQ
)LJ7KLVPRGXODUSODWIRUPLVGLYLGHGLQWRWKUHHIXQFWLRQDOOD\HUVSURFHVVLQJFRPPXQLFDWLRQDQGVHQVLQJ7KH
SURFHVVLQJOD\HU LQFOXGHVDPLFURFRQWUROOHUZKLFKJLYHVWKHSODWIRUPDJUHDWGHDORISURFHVVLQJSRZHUDVZHOODV
IOH[LELOLW\

)LJ:610RGXODU3ODWIRUP
3URWRW\SH'HVLJQ2EMHFWLYHV
:KHQ GHVLJQLQJ ZLUHOHVV VHQVRU QHWZRUNV IRU DSSOLFDWLRQV LQ FRQVWUXFWLRQPDQDJHPHQW WZRPDMRU FODVVHV RI
GHVLJQREMHFWLYHVPXVWEHFRQVLGHUHGQHWZRUNDUFKLWHFWXUHDQGDSSOLFDWLRQUHTXLUHPHQWV
5.1. Network Topology and Architecture 
7KH WRSRORJ\ RI D VHQVRU QHWZRUN KDV VLJQLILFDQW LPSOLFDWLRQV RQ VHYHUDO QHWZRUN DVSHFWV LQFOXGLQJ QHWZRUN
OLIHWLPH URXWLQJ DOJRULWKPV FRPPXQLFDWLRQ UDQJH RI WKH VHQVRU QRGHV DQG HWF 7KH QHWZRUN DUFKLWHFWXUH
UHTXLUHPHQWVFRQWDLQWKHSK\VLFDODQGORJLFDORUJDQL]DWLRQRIWKHQHWZRUNDVZHOODVWKHGHQVLW\RIWKHVHQVRUQRGHV
,QJHQHUDOWKHREMHFWLYHRIVHQVRUQHWZRUNVLVWRHIILFLHQWO\FRYHUWKHGHSOR\PHQWDUHD7KHORJLFDODQGKLHUDUFKLFDO
RUJDQL]DWLRQ RI WKH QHWZRUN DOVR LPSDFWV HQHUJ\ FRQVXPSWLRQ DQG WKH VHOHFWLRQ RI FRPPXQLFDWLRQ SURWRFROV ,Q
DGGLWLRQ EDVHG RQ WRSRORJ\ UHTXLUHPHQWV VHQVRU QHWZRUNV FDQ KDYH D GLVWULEXWHG RUJDQL]DWLRQ RU D FOXVWHUHG
RUJDQL]DWLRQZKHUHVHOHFWHGQRGHVFDQKDQGOHGDWDIRUZDUGLQJ

7KH QHWZRUN WRSRORJ\ DQG DUFKLWHFWXUH UHTXLUHPHQWV IRU FRQVWUXFWLRQ DSSOLFDWLRQV FDQ EH GHWHUPLQHG E\
DQVZHULQJWKHIROORZLQJTXHVWLRQV
• :KDWW\SHRIQHWZRUNWRSRORJ\EHVWILWVWKHDSSOLFDWLRQ"2QHWRRQHRQHWRPDQ\PDQ\WRRQHRUPDQ\WR
PDQ\"
• +RZZLOOWKHPRQLWRULQJQHWZRUNZRUN"0DVWHU±VODYHSRLQWWRSRLQWSRLQWWRPXOWLSRLQWRUSHHUWRSHHU"
• :KDWDUHWKHZRUVWFDVHDPELHQWFRQGLWLRQVLQWKHFRYHUDJHDUHD"
• $UHWKHUHDQ\NQRZQSRWHQWLDOLQWHUIHUHQFHSUREOHPVGXHWRSK\VLFDOREVWUXFWLRQV5)LQWHUIHUHQFH"
5.2. Application Requirements 
7KH UHTXLUHG LQIRUPDWLRQ WKDW LV WREH UHOD\HG WKURXJK WKH VHQVRUQHWZRUN VKRXOGEHFODVVLILHGDQGTXDQWLILHG
7KHVHUHTXLUHPHQWVFDQEHDFKLHYHGE\DFRPSUHKHQVLYHDQDO\VLVRIWKHFRQVWUXFWLRQDXWRPDWLRQDSSOLFDWLRQV%DVHG
RQ WKH DSSOLFDWLRQ UHTXLUHPHQWV WKH SURSHUWLHV RI LQGLYLGXDO VHQVRU QRGHV FDQ DOVR EH LGHQWLILHG ZKLFK LPSDFW
QHWZRUN PRGHOLQJ DQG FRPPXQLFDWLRQ SURWRFRO FKRLFHV 7KH IROORZLQJ TXHVWLRQV FDQ KHOS WR GHWHUPLQH WKHVH
UHTXLUHPHQWV
• :KDWDUHWKH4XDOLW\RI6HUYLFHUHTXLUHPHQWVRIWKHDSSOLFDWLRQ"'RHVLWUHTXLUHUHDOWLPHPRQLWRULQJRUGHOD\
WROHUDQWPRQLWRULQJ"
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• 'RHVWKHV\VWHPFRQWLQXRXVO\SROOIRUWKHLQIRUPDWLRQSHULRGLFPRQLWRULQJRULVLWJHQHUDWHGE\H[FHSWLRQ
HYHQWEDVHGPRQLWRULQJ"
• :KDWLVWKHW\SHRIWKHVHQVRUGDWDLHYLGHRYRLFHGDWD"
$VDUHVXOWRIDQVZHULQJWKHDERYHPHQWLRQHGTXHVWLRQVWKHGHVLJQREMHFWLYHVFDQEHGHWHUPLQHGE\WKHQHWZRUN
WRSRORJ\DUFKLWHFWXUHDQGDSSOLFDWLRQUHTXLUHPHQWVFRPSUHKHQVLYHO\LQRUGHUWRHVWDEOLVKWKHEHVWILWZLUHOHVVVHQVRU
QHWZRUNIRUWKHLUDSSOLFDWLRQV)XOOFRQVLGHUDWLRQRIWKHGLIIHUHQWVHQVRUQHWZRUNRSWLRQVDQGKRZZLOOWKH\ILWWKH
WDUJHWHGDSSOLFDWLRQLVFULWLFDOIRUDVXFFHVVIXOLPSOHPHQWDWLRQ
$SSOLFDWLRQV&ODVVHVRI:61LQ&RQVWUXFWLRQ
7KHFRQFHSWRIZLUHOHVVVHQVRUQHWZRUNVLVEDVHGRQDVLPSOHHTXDWLRQ
6HQVLQJ3URFHVVRU0LFURFRQWUROOHU&RPPXQLFDWLRQ5DGLR 7KRXVDQGVRISRWHQWLDODSSOLFDWLRQV

7KH HPHUJLQJ FDSDELOLWLHV RI D ZLUHOHVV VHQVRU QHWZRUN KDYH KXQGUHGV RI SRWHQWLDO DSSOLFDWLRQV +RZHYHU
DFWXDOO\ FRPELQLQJ VHQVRUV UDGLRV DQG SURFHVVRUV LQWR DQ HIIHFWLYH ZLUHOHVV VHQVRU QHWZRUN UHTXLUHV D GHWDLOHG
XQGHUVWDQGLQJRIWKHERWKFDSDELOLWLHVDQGOLPLWDWLRQVRIHDFKRIWKHXQGHUO\LQJKDUGZDUHFRPSRQHQWVDVZHOODVD
GHWDLOHG XQGHUVWDQGLQJ RIPRGHUQ QHWZRUNLQJ WHFKQRORJLHV DQG GLVWULEXWHG V\VWHPV WKHRU\ (DFK LQGLYLGXDO QRGH
PXVWEHGHVLJQHGWRSURYLGHWKHVHWRISULPLWLYHVQHFHVVDU\WRV\QWKHVL]HWKHLQWHUFRQQHFWHGZHEWKDWZLOOHPHUJHDV
WKH\DUHGHSOR\HGZKLOHPHHWLQJVWULFW UHTXLUHPHQWVRIVL]HFRVWDQGSRZHUFRQVXPSWLRQ$FRUHFKDOOHQJH LV WR
PDSWKHRYHUDOOV\VWHPUHTXLUHPHQWVGRZQWRLQGLYLGXDOGHYLFHFDSDELOLWLHVUHTXLUHPHQWVDQGDFWLRQV7RPDNHWKH
ZLUHOHVVVHQVRUQHWZRUNYLVLRQDUHDOLW\DUFKLWHFWXUHPXVWEHGHYHORSHGWKDWV\QWKHVL]HVWKHHQYLVLRQHGDSSOLFDWLRQV
RXWRIWKHXQGHUO\LQJKDUGZDUHFDSDELOLWLHV

7KLVV\VWHPDUFKLWHFWXUHLVGHYHORSHGIURPWKHKLJKOHYHODSSOLFDWLRQUHTXLUHPHQWVGRZQWKURXJKWKHORZOHYHO
KDUGZDUH UHTXLUHPHQWV ,Q WKLV SURFHVV LW LV LPSRUWDQW WR XQGHUVWDQG WKH VHW RI WDUJHW DSSOLFDWLRQV 7R OLPLW WKH
QXPEHU RI DSSOLFDWLRQV WKDW PXVW EH FRQVLGHUHG WKLV UHVHDUFK IRFXV RQ D VHW RI DSSOLFDWLRQ FODVVHV WKDW DUH
UHSUHVHQWDWLYHRIDODUJHIUDFWLRQRIWKHSRWHQWLDOXVDJHVFHQDULRV7KLVVHWRIDSSOLFDWLRQFODVVHVLVXVHGWRH[SORUH
WKHV\VWHPOHYHOUHTXLUHPHQWVWKDWDUHSODFHGRQWKHRYHUDOODUFKLWHFWXUH)URPWKHVHV\VWHPOHYHOUHTXLUHPHQWVWKH
LQGLYLGXDOQRGHOHYHOUHTXLUHPHQWVDUHLGHQWLILHG

7KUHHDSSOLFDWLRQFODVVHVDUHVHOHFWHGLQIUDVWUXFWXUHGDWDFROOHFWLRQRSHUDWLRQVPRQLWRULQJDQGORFDWLRQWUDFNLQJ
:HEHOLHYHWKDWWKHPDMRULW\RIZLUHOHVVVHQVRUQHWZRUNGHSOR\PHQWVZLOOIDOOLQWRRQHRIWKHVHFODVVWHPSODWHV
6.1.  Infrastructure Data Collection 
$ W\SLFDO LQIUDVWUXFWXUH GDWD FROOHFWLRQ DSSOLFDWLRQ LV RQH ZKHUH DQ HQJLQHHU ZDQWV WR FROOHFW VHYHUDO VHQVRU
UHDGLQJV IURP D VHW RI SRLQWV LQ DQ LQIUDVWUXFWXUH RYHU D SHULRG RI WLPH LQ RUGHU WR GHWHFW WUHQGV DQG
LQWHUGHSHQGHQFLHV 'DWD LV FROOHFWHG IURP KXQGUHGV RI SRLQWV VSUHDG WKURXJKRXW WKH DUHD DQG WKHQ WKH GDWD LV
DQDO\]HG RIIOLQH7KH GDWD LV FROOHFWHG RYHU VHYHUDOPRQWKV RU \HDUV LQ RUGHU WR ORRN IRU ORQJWHUP DQG VHDVRQDO
WUHQGV)RUWKHGDWDWREHPHDQLQJIXOLWZRXOGKDYHWREHFROOHFWHGDWUHJXODULQWHUYDOVDQGWKHQRGHVZRXOGUHPDLQDW
NQRZQORFDWLRQV

$WWKHQHWZRUNOHYHOWKHLQIUDVWUXFWXUHGDWDFROOHFWLRQDSSOLFDWLRQLVFKDUDFWHUL]HGE\KDYLQJDODUJHQXPEHURI
QRGHVFRQWLQXDOO\ VHQVLQJDQG WUDQVPLWWLQJGDWDEDFN WRD VHWRIEDVH VWDWLRQV WKDW VWRUH WKHGDWDXVLQJ WUDGLWLRQDO
PHWKRGV 7KHVH QHWZRUNV JHQHUDOO\ UHTXLUH YHU\ ORZ GDWD UDWHV DQG H[WUHPHO\ ORQJ OLIHWLPHV ,Q W\SLFDO XVDJH
VFHQDULRWKHQRGHVZLOOEHHYHQO\GLVWULEXWHGRYHUDQRXWGRRUHQYLURQPHQW7KLVGLVWDQFHEHWZHHQDGMDFHQWQRGHV
ZLOOEHPLQLPDO\HWWKHGLVWDQFHDFURVVWKHHQWLUHQHWZRUNZLOOEHVLJQLILFDQW

,QLQIUDVWUXFWXUHPRQLWRULQJDSSOLFDWLRQVLWLVQRWHVVHQWLDOWKDWWKHQRGHVGHYHORSWKHRSWLPDOURXWLQJVWUDWHJLHV
RQWKHLURZQ,QVWHDGLWPD\EHSRVVLEOHWRFDOFXODWHWKHRSWLPDOURXWLQJWRSRORJ\RXWVLGHRIWKHQHWZRUNDQGWKHQ
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FRPPXQLFDWHWKHQHFHVVDU\LQIRUPDWLRQWRWKHQRGHVDVUHTXLUHG7KLVLVSRVVLEOHEHFDXVHWKHSK\VLFDOWRSRORJ\RI
WKHQHWZRUNLVUHODWLYHO\FRQVWDQW:KLOHWKHWLPHYDULDQWQDWXUHRIUDGLRIUHTXHQF\5)FRPPXQLFDWLRQPD\FDXVH
FRQQHFWLYLW\ EHWZHHQ WZR QRGHV WR EH LQWHUPLWWHQW WKH RYHUDOO WRSRORJ\ RI WKH QHWZRUNZLOO EH UHODWLYHO\ VWDEOH
7UHHEDVHGURXWLQJWRSRORJ\LVW\SLFDOO\XVHG)LJZKHUHHDFKURXWLQJWUHHLVURRWHGDWKLJKFDSDELOLW\QRGHVWKDW
VLQNGDWD'DWD LVSHULRGLFDOO\ WUDQVPLWWHGIURPFKLOGQRGHWRSDUHQWQRGHXSWKHWUHHVWUXFWXUHXQWLO LW UHDFKHVWKH
VLQN:LWKWUHHEDVHGGDWDFROOHFWLRQHDFKQRGHLVUHVSRQVLEOHIRUIRUZDUGLQJWKHGDWDRIDOOLWVGHVFHQGDQWV1RGHV
ZLWK D ODUJH QXPEHU RI GHVFHQGDQWV WUDQVPLW VLJQLILFDQWO\ PRUH GDWD WKDQ OHDI QRGHV 7KHVH QRGHV FDQ TXLFNO\
EHFRPHHQHUJ\ERWWOHQHFNV>@

2QFHWKHQHWZRUNLVFRQILJXUHGHDFKQRGHSHULRGLFDOO\VDPSOHVLWVVHQVRUVDQGWUDQVPLWVLWVGDWDXSWKHURXWLQJ
WUHHDQGEDFNWRWKHEDVHVWDWLRQ)RUPDQ\VFHQDULRVWKHLQWHUYDOEHWZHHQWKHVHWUDQVPLVVLRQVFDQEHRQWKHRUGHURI
PLQXWHV

)LJ:617UHHEDVHGURXWLQJWRSRORJ\
7\SLFDOUHSRUWLQJSHULRGVDUHH[SHFWHGWREHEHWZHHQDQGPLQXWHVZKLOHLWLVSRVVLEOHIRUQHWZRUNVWRKDYH
VLJQLILFDQWO\ KLJKHU UHSRUWLQJ UDWHV 7KH W\SLFDO LQIUDVWUXFWXUH SDUDPHWHUV EHLQJ PRQLWRUHG VXFK DV YLEUDWLRQ
WHPSHUDWXUH DQGSUHVVXUH GRHV QRW FKDQJHTXLFNO\ HQRXJK WR UHTXLUHKLJKHU UHSRUWLQJ UDWHV ,Q DGGLWLRQ WR ODUJH
VDPSOHLQWHUYDOVLQIUDVWUXFWXUHPRQLWRULQJDSSOLFDWLRQVGRQRWKDYHVWULFWODWHQF\UHTXLUHPHQWV'DWDVDPSOHVFDQEH
GHOD\HGLQVLGHWKHQHWZRUNIRUPRGHUDWHSHULRGVRIWLPHZLWKRXWVLJQLILFDQWO\DIIHFWLQJDSSOLFDWLRQSHUIRUPDQFH,Q
JHQHUDOWKHGDWDLVFROOHFWHGIRUIXWXUHDQDO\VLVQRWIRUUHDOWLPHRSHUDWLRQ

,QRUGHUWRPHHWOLIHWLPHUHTXLUHPHQWVHDFKFRPPXQLFDWLRQHYHQWPXVWEHSUHFLVHO\VFKHGXOHG7KHVHQRUQRGHV
ZLOOUHPDLQGRUPDQWDPDMRULW\RIWKHWLPHWKH\ZLOORQO\ZDNHWRWUDQVPLWRUUHFHLYHGDWD$VWKHQHWZRUNDJHVLW
LV H[SHFWHG WKDW QRGHVZLOO IDLO RYHU WLPH 3HULRGLFDOO\ WKH QHWZRUNZLOO KDYH WR UHFRQILJXUH WR KDQGOH QRGHOLQN
IDLOXUH RU WR UHGLVWULEXWH QHWZRUN ORDG 7KH PRVW LPSRUWDQW FKDUDFWHULVWLFV RI WKH LQIUDVWUXFWXUH PRQLWRULQJ
UHTXLUHPHQWVDUHORQJOLIHWLPHSUHFLVHV\QFKURQL]DWLRQORZGDWDUDWHVDQGUHODWLYHO\VWDWLFWRSRORJLHV$GGLWLRQDOO\
LWLVQRWHVVHQWLDOWKDWWKHGDWDEHWUDQVPLWWHGLQUHDOWLPHEDFNWRWKHFHQWUDOFROOHFWLRQSRLQW7KHGDWDWUDQVPLVVLRQV
FDQEHGHOD\HGLQVLGHWKHQHWZRUNDVQHFHVVDU\LQRUGHUWRLPSURYHQHWZRUNHIILFLHQF\

)RULOOXVWUDWLYHSXUSRVHVZHFRQVLGHUDVFHQDULRZKHUHWKHQHWZRUNIRUPVLWVHOILQWRDWUHHDQGHDFKQRGHVDPSOHV
LQIUDVWUXFWXUHGDWDHYHU\VHFRQGVDJJUHJDWHVDVWDWLVWLFDOVXPPDU\RYHUPLQXWHVDQGWUDQVPLWVWKHVXPPDU\WR
LWVSDUHQWQRGH(DFKSDUHQWFRPELQHVWKHUHDGLQJVIURPLWVFKLOGUHQDQGVHQGVDVLQJOHVXPPDU\WRLWVSDUHQW
,QWKHHYHQWRIDGUDVWLFHQYLURQPHQWDOFKDQJHDQ\QRGHFDQVHQGDQHPHUJHQF\QRWLILFDWLRQWRLWVSDUHQWDWDQ\
WLPH7KLVQHWZRUNLVVLPXOWDQHRXVO\DFWLQJDVDGDWDFROOHFWLRQQHWZRUNDQGDQDODUPPRQLWRULQJQHWZRUN,QDODUP
PRGHWKHSDUHQWFKHFNVIRUHPHUJHQF\PHVVDJHVHYHU\VHFRQGV

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
)LJ,QIUDVWUXFWXUH0RQLWRULQJ3URWRW\SH
7KH QHWZRUN FRQVLVWV RI D VHW RI VHQVRU QRGHV DQG HDFK QRGH KDV WKUHHPDLQ KDUGZDUH FRPSRQHQWV VHQVRUV
ILOWHUVDQGPLFURFRQWUROOHUDQGUDGLRIRUZLUHOHVVFRPPXQLFDWLRQ)LJLVDVFKHPDWLFRIWKHPDMRUFRPSRQHQWVRI
DQRGH)RUWKHPHDVXUHPHQWRIDFFHOHUDWLRQVDFRPPHUFLDOO\DYDLODEOHDFFHOHURPHWHUVHQVRULVXVHGWRPHDVXUHWKH
DFFHOHUDWLRQ LQ WKH WKUHH D[HOV $Q;EHH FRPPXQLFDWLRQPRGXOH LV XVHG WR FRQQHFW DQG VHQG WKH FROOHFWHG GDWD
WKURXJK WKHZLUHOHVV QHWZRUN  7KLV FRPPXQLFDWLRQPRGXOH KDV D FRYHUDJH UDQJH RI P DQG  NELWV GDWD
WUDQVIHUUDWH

7DEOH  VXPPDUL]HV WKH HPSLULFDO SHUIRUPDQFH RI WKH SODWIRUP ZH SUHVHQWHG LQ WKLV UHVHDUFK 7KH NH\
SHUIRUPDQFHPHWULFLVHQHUJ\HIILFLHQF\ZKLFKZHPHDVXUHDVPMGD\WRDFFRPSOLVKWKHWDVN7KHPHDVXUHPHQWLV
EDVHG RQ GDWD FROOHFWLRQ HYHU\  VHFRQGV DYHUDJHG DQG WUDQVPLWWHG RQFH HYHU\  PLQXWHV (DFK QRGH KDG D
PD[LPXPRIFKLOGUHQQRGHVDQGRQHSDUHQWQRGH7KHHQHUJ\FRQVXPSWLRQLVFDOFXODWHGE\VXPPLQJWKHHQHUJ\
XVDJH RI HDFK RI WKH DSSOLFDWLRQ FRPSRQHQWV'DWD 7UDQVPLVVLRQ5HQGH]YRXV2YHUKHDG$ODUP&KHFNLQJ'DWD
6HQVLQJ DQG VOHHS HQHUJ\ (DFK QRGH PXVW UHFHLYH D VXPPDU\ IURP HDFK RI WKH FKLOGUHQ FRPELQH WKHP DQG
WUDQVPLW DQHZVXPPDU\ WR LWVSDUHQW7KHFRVWRI HDFKRSHUDWLRQ LVGHSHQGHQWRQ WKHSRZHUFRQVXPSWLRQRI WKH
UDGLRV\VWHPDQGWKHELWUDWHWKDWGDWDFDQEHFRPPXQLFDWHGDW7KLVSHUIRUPDQFHFDQEHHQKDQFHGE\LQFUHDVLQJWKH
WUDQVPLVVLRQUDWHDQGHQDEOLQJWKHV\QFKURQL]DWLRQDQGEXIIHULQJ
7DEOH3ODWIRUPHPSLULFDOSHUIRUPDQFH
$SSOLFDWLRQ&RPSRQHQW (QHUJ\8VDJH
PMGD\
'DWD7UDQVPLVVLRQ 
5HQGH]YRXV2YHUKHDG 
$ODUP&KHFNLQJ 
'DWD6HQVLQJ 
VOHHSHQHUJ\ 
7RWDO 
([SHFWHG/LIHWLPHRQ,GHDOL]HG$$\HDUV 

,QRUGHUWRPHHWWKHVWULFWDODUPSURSDJDWLRQUHTXLUHPHQWVHDFKQRGHPXVWDOVREHFRQWLQXDOO\UHDG\WRIRUZDUG
DODUPPHVVDJHV7KLVPHDQVWKDWWKH\PXVWEHIUHTXHQWO\FKHFNLQJWKH5)FKDQQHOIRUDFWLYLW\7KHUHODWLYHO\KLJK
IUHTXHQF\RIWKHZDNHXSFKHFNPDNHVLW WKHVLQJOHODUJHVWFRQVXPHURIHQHUJ\LQWKHGHVLJQ7DNHQWRJHWKHU WKH
WKUHHRSWLPL]DWLRQV5)ZDNHXSWLPHV\QFKURQL]DWLRQDQGKLJKVSHHGFRPPXQLFDWLRQUHGXFHHQHUJ\FRQVXPSWLRQ
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RIWKHDFWLYHSDUWRIWKHDSSOLFDWLRQE\WZRRUGHUVRIPDJQLWXGH:KLOHWKHLQLWLDOFRVWRIWKHZLUHOHVVQHWZRUNPLJKW
VOLJKWO\LQFUHDVHGXHWRHQHUJ\XVDJHWKHPDLQWHQDQFHFRVWZLOOLQFUHDVHVRPXFKIRUDKHDY\SRZHUFRQVXPSWLRQ
QHWZRUNWKDWZLOOQHHGIUHTXHQWUHSODFHPHQWRIGHDGEDWWHULHV$OVRVXFKQHWZRUNXVXDOO\LQVWDOOHGLQKDUGWRUHDFK
ORFDWLRQVRQDQLQIUDVWUXFWXUHZKLFKPDNHVLWVPDLQWHQDQFHH[SHQVLYHDQGQRWHDV\
6.2.  Site Safety and Security Monitoring 
6DIHW\DQGVHFXULW\PRQLWRULQJQHWZRUNVDUHFRPSRVHGRIQRGHVWKDWDUHSODFHGDWIL[HGORFDWLRQVWKURXJKRXWDQ
HQYLURQPHQW WKDW FRQWLQXDOO\PRQLWRU RQHRUPRUH VHQVRUV WR GHWHFW DQ DQRPDO\ 6XFK QHWZRUNV DUH QRW DFWXDOO\
FROOHFWLQJDQ\GDWDWKLVKDVDVLJQLILFDQWLPSDFWRQWKHRSWLPDOQHWZRUNDUFKLWHFWXUH(DFKQRGHKDVWRIUHTXHQWO\
FKHFNWKHVWDWXVRILWVVHQVRUVEXWLWRQO\KDVWRWUDQVPLWDGDWDUHSRUWZKHQWKHUHLVDVDIHW\RUVHFXULW\YLRODWLRQ
7KHLPPHGLDWHDQGUHOLDEOHFRPPXQLFDWLRQRIDODUPPHVVDJHVLVWKHSULPDU\V\VWHPUHTXLUHPHQW7KHVHDUH³UHSRUW
E\H[FHSWLRQ´QHWZRUNV

$GGLWLRQDOO\LWLVHVVHQWLDOWKDWLWLVFRQILUPHGWKDWHDFKQRGHLVVWLOOSUHVHQWDQGIXQFWLRQLQJ,IDQRGHZHUHWREH
GLVDEOHGRUIDLOLWZRXOGUHSUHVHQWDYLRODWLRQWKDWVKRXOGEHUHSRUWHG7KHQHWZRUNPXVWEHFRQILJXUHGVRWKDWQRGHV
DUHUHVSRQVLEOHIRUFRQILUPLQJWKHVWDWXVRIHDFKRWKHU2QHDSSURDFKLVWRKDYHHDFKQRGHEHDVVLJQHGWRSHHUWKDW
ZLOO UHSRUW LI D QRGH LV QRW IXQFWLRQLQJ 7KH RSWLPDO WRSRORJ\ RI D VHFXULW\PRQLWRULQJ QHWZRUN ZLOO ORRN TXLWH
GLIIHUHQWIURPWKDWRIDGDWDFROOHFWLRQQHWZRUN7KHRSWLPDOFRQILJXUDWLRQZRXOGEHWRKDYHDOLQHDUWRSRORJ\WKDW
IRUPVD+DPLOWRQLDQF\FOHRIWKHQHWZRUN)LJ

)LJ:61/LQHDU7RSRORJ\ZLWK+DPLOWRQLDQ&\FOH
7KHSRZHUFRQVXPSWLRQRIHDFKQRGHLVRQO\SURSRUWLRQDOWRWKHQXPEHURIFKLOGUHQLWKDV,QDOLQHDUQHWZRUN
HDFKQRGHZRXOGKDYHRQO\RQHFKLOG7KLVZRXOGHYHQO\GLVWULEXWH WKHHQHUJ\FRQVXPSWLRQRI WKHQHWZRUN7KH
DFFHSWHG QRUP IRU VXFK V\VWHPV WRGD\ LV WKDW HDFK VHQVRU VKRXOG EH FKHFNHG DSSUR[LPDWHO\ RQFH SHU KRXU
&RPELQHGZLWKWKHDELOLW\WRHYHQO\GLVWULEXWHWKHORDGRIFKHFNLQJQRGHVWKHHQHUJ\FRVWRISHUIRUPLQJWKLVFKHFN
EHFRPHVPLQLPDO$PDMRULW\RIWKHHQHUJ\FRQVXPSWLRQLQDVDIHW\DQGVHFXULW\QHWZRUNVLVVSHQWRQPHHWLQJWKH
VWULFWODWHQF\UHTXLUHPHQWVDVVRFLDWHGZLWKWKHVLJQDOLQJWKHDODUPZKHQDYLRODWLRQRFFXUV

2QFH GHWHFWHG D YLRODWLRQ PXVW EH FRPPXQLFDWHG WR WKH EDVH VWDWLRQ LPPHGLDWHO\ 7KH ODWHQF\ RI WKH GDWD
FRPPXQLFDWLRQ DFURVV WKH QHWZRUN WR WKH EDVH VWDWLRQ KDV D FULWLFDO LPSDFW RQ DSSOLFDWLRQ SHUIRUPDQFH 8VHUV
GHPDQGWKDWDODUPVLWXDWLRQVEHUHSRUWHGZLWKLQVHFRQGVRIGHWHFWLRQ7KLVPHDQVWKDWQHWZRUNQRGHVPXVWEHDEOH
WRUHVSRQGTXLFNO\WRUHTXHVWVIURPWKHLUQHLJKERUVWRIRUZDUGGDWD7KHYDVWPDMRULW\RIWKHHQHUJ\ZLOOEHVSHQGRQ
FRQILUPLQJWKHIXQFWLRQDOLW\RIQHLJKERULQJQRGHVDQGLQEHLQJSUHSDUHGWRLQVWDQWO\IRUZDUGDODUPDQQRXQFHPHQWV
$FWXDOGDWDWUDQVPLVVLRQZLOOFRQVXPHDVPDOOIUDFWLRQRIWKHQHWZRUNHQHUJ\

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$FFLGHQWV DW FRQVWUXFWLRQ VLWHV DUH XQIRUWXQDWHO\ FRPPRQ RFFXUUHQFHV DFURVV WKH ZRUOG 2QH RI WKH ODUJHVW
KD]DUGVLVKHDY\PDFKLQHU\+HDY\PDFKLQHU\LVRIWHQWKHPRVWSRZHUIXOW\SHRIWRROXVHGRQDMREVLWH+D]DUGV
ZLWK WKLV W\SHRI HTXLSPHQW LQFOXGH HPSOR\HHV EHLQJ UDQRYHU IDOOLQJ IURP WUDSSHGEHKLQG WUDSSHG LQ FUXVKHG
IURPIDOOLQJREMHFWVYHKLFOHWRYHKLFOHDFFLGHQWVDQGPRUH:61WHFKQRORJ\FDQSUHYHQWWKHVHW\SHVRIDFFLGHQWV
7KHSUR[LPLW\RIKD]DUGFRQGLWLRQVFDQEHGHWHFWHGE\WKH:61ZKLFKZRXOGVWUHQJWKHQWKHSURWHFWLRQIRUZRUNHUV
E\UHGXFLQJWKHSRWHQWLDORIFUXVKLQJRUVWULNLQJKD]DUGVDVVRFLDWHGZLWKZRUNLQJFORVHE\PDFKLQHV

7KH SUHVHQFH RI D ZRUNHU LQ WKH KD]DUGRXV DUHD DURXQG KHDY\ HTXLSPHQW FRPPRQO\ UHIHUUHG WR DV WKH ³UHG
]RQH´FDQEHGHWHFWHGDQGDZDUQLQJVLJQDODFWLYDWHG

5HG]RQHVLQFOXGHEXWDUHQRWOLPLWHGWR
• %OLQGVSRWVDQGRUDUHDVRIOLPLWHGYLVLELOLW\
• 5RWDWLQJPDFKLQHU\
• 6ZLQJUDGLXV
• 7UDYHOSDWK
• 8QGHUVXVSHQGHGRURYHUKHDGORDGV
• 2YHUKHDGKD]DUGVLHRYHUKHDGXWLOLW\OLQHVDQGRYHUKHDGSLSLQJFDEOHWUD\VHWF
• :RUNLQJRYHURUDURXQGH[LVWLQJXQGHUJURXQGIDFLOLWLHV
• &ORVHSUR[LPLW\RIPRYLQJHTXLSPHQW
$ VDIHW\PRQLWRULQJ V\VWHP FRQVLVWV RI D JDWHZD\ QRGH DQG D QXPEHU RIPRELOH QRGHV DVVLJQHG WR ODERU DQG
PDFKLQHU\ 7KLV V\VWHP FDQ GHWHFW WKH SUHVHQFH RI ZRUNHU LQ WKH UHG ]RQH RI KHDY\ HTXLSPHQW E\ FRQWLQXDOO\
PHDVXULQJWKHSUR[LPLW\EHWZHHQWKHP7KHQHWZRUNFRQVLVWVRIDVHWRIVHQVRUQRGHVDQGHDFKQRGHKDVWKUHHPDLQ
KDUGZDUH FRPSRQHQWV VHQVRUV ILOWHUV DQG PLFURFRQWUROOHU DQG UDGLR IRU ZLUHOHVV FRPPXQLFDWLRQ )LJ  LV D
VFKHPDWLF RI WKHPDMRU FRPSRQHQWV RI D QRGH7KH QRGH ORFDWLRQ LV LGHQWLILHG XVLQJ WKH*36PRGXOHZKLOH WKH
SUR[LPLW\LVGHWHFWHGE\WKH%OXHWRRWKPRGXOH

)LJ6DIHW\0RQLWRULQJ3URWRW\SH
7KH %OXHWRRWK PRGXOH LV XVHG WR FRQQHFW DQG VHQG WKH FROOHFWHG GDWD WKURXJK WKH ZLUHOHVV QHWZRUN 7KLV
FRPPXQLFDWLRQPRGXOHKDVDFRYHUDJHUDQJHRIPDQG0ELWVGDWDWUDQVIHUUDWHZKLFKLVUHTXLUHGIRUORZGDWD
ODWHQF\$OVRHDFKQRGHLVHTXLSSHGDGEEX]]HUIRUDODUPLQJ,IDVDIHW\YLRODWLRQLVGHWHFWVDQDXGLEOHDODUP
IRUWKHHTXLSPHQWRSHUDWRUDQGWKHZRUNHULVLQLWLDWHGDOVRWKHPDFKLQHFRQWUROLVGLVDEOHGIRUKD]DUGSUHYHQWLRQDV
VKRZQLQ)LJ
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
)LJ:616DIHW\0RQLWRULQJ6\VWHP
6.3. Construction Operation Monitoring and Tracking 
0RQLWRULQJDQGWUDFNLQJRIFRQVWUXFWLRQRSHUDWLRQUHTXLUHVWUDFNLQJRIDWDJJHGREMHFWWKURXJKDUHJLRQRIVSDFH
PRQLWRUHG E\ D VHQVRU QHWZRUN&XUUHQW LQYHQWRU\ FRQWURO V\VWHPV DWWHPSW WR WUDFN REMHFWV E\ UHFRUGLQJ WKH ODVW
FKHFNSRLQW WKDWDQREMHFWSDVVHG WKURXJK+RZHYHUZLWK WKHVHV\VWHPV LW LVQRWSRVVLEOH WRGHWHUPLQH WKHFXUUHQW
ORFDWLRQRIDQREMHFW)RUH[DPSOH836 WUDFNVHYHU\VKLSPHQWE\VFDQQLQJ LWZLWKDEDUFRGHZKHQHYHU LWSDVVHV
WKURXJK D URXWLQJ FHQWHU 7KH V\VWHP EUHDNV GRZQZKHQ REMHFWV GR QRW IORZ IURP FKHFNSRLQW WR FKHFNSRLQW ,Q
W\SLFDO FRQVWUXFWLRQ ZRUN HQYLURQPHQWV LW LV LPSUDFWLFDO WR H[SHFW REMHFWV WR EH FRQWLQXDOO\ SDVVHG WKURXJK
FKHFNSRLQWV:LWKZLUHOHVV VHQVRU QHWZRUNV REMHFWV FDQ EH WUDFNHG E\ VLPSO\ WDJJLQJ WKHPZLWK D VPDOO VHQVRU
QRGH 7KH VHQVRU QRGH ZLOO EH WUDFNHG DV LW PRYHV WKURXJK D ILHOG RI VHQVRU QRGHV WKDW DUH GHSOR\HG LQ WKH
HQYLURQPHQWDWNQRZQORFDWLRQV,QVWHDGRIVHQVLQJHQYLURQPHQWDOGDWDWKHVHQRGHVZLOOEHGHSOR\HGWRVHQVHWKH
5)PHVVDJHVRIWKHQRGHVDWWDFKHGWRYDULRXVREMHFWV7KHQRGHVDUHXVHGDVDFWLYHWDJVWKDWDQQRXQFHWKHSUHVHQFH
RI D GHYLFH $ GDWDEDVH LV XVHG WR UHFRUG WKH ORFDWLRQ RI WUDFNHG REMHFWV UHODWLYH WR WKH VHW RI QRGHV DW NQRZQ
ORFDWLRQV:LWK WKLVV\VWHP LWEHFRPHVSRVVLEOH WRDVNZKHUHDQREMHFW LVFXUUHQWO\QRWVLPSO\ZKHUH LWZDV ODVW
VFDQQHG>@

7KHRSWLPDOFRQILJXUDWLRQZRXOGEHWRKDYHDPHVKWRSRORJ\ZLWKDXWRQRPRXVPRELOHPHVKQRGHVDVVKRZQLQ
)LJ7KHDGGHGPRELOHPHVKQRGHVZKLFKPRYHZLWKWKHLUPHVKFOLHQWVHQKDQFHWKHSHUIRUPDQFHRIWKHW\SLFDO
PHVKWRSRORJ\DQGSURYLGHWKHLQWHOOLJHQFHWRG\QDPLFDOO\DGDSW WKHQHWZRUNWRSRORJ\WRSURYLGHRSWLPDOVHUYLFH
>@

)LJ:610HVK7RSRORJ\ZLWK0RELOH0HVK1RGHV
*DWHZD\6LQN
)L[HG0HVK1RGH
0RELOH0HVK1RGH
0RELOH2EMHFW1RGH
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7KH PRELOH VHQVRU QRGH LV HTXLSSHG ZLWK WKH 6\QDSVH 5)3& FRPPXQLFDWLRQ PRGXOH DQG WKH %03
EDURPHWULF SUHVVXUH VHQVRU DV VKRZQ LQ )LJXUH D 7KH FRPPXQLFDWLRQ EHWZHHQ WKH %03 DQG 5)3& LV
HVWDEOLVKHG WKURXJK ,& FRPPXQLFDWLRQ 7KH QRGH LV SRZHUHG E\ D /L,RQ 5HFKDUJHDEOH &RLQ &HOO EDWWHU\
3'7KHJDWHZD\QRGHFROOHFWVGDWDIURPWKHPRELOHQRGHFDOFXODWHVWKHPRELOHQRGHVORFDWLRQVDQGVXEPLWV
WKH SUHSURFHVVHG GDWD WR WKH GDWDEDVH VHUYHU ,W FRQVLVWV RI D :DVSPRWH PLFURFRQWUROOHU 6\QDSVH 5)
FRPPXQLFDWLRQPRGXOHDQG51:/$1PRGXOHDVVKRZQLQ)LJF
D E F

)LJ&RQVWUXFWLRQ2SHUDWLRQV7UDFNLQJ3URWRW\SHD0RELOH1RGHE0HVK1RGHF*DWHZD\
,QRUGHUWRWHVW WKHSHUIRUPDQFHRIWKHGHYHORSHGSURWRW\SHVDVHWRIH[SHULPHQWVZHUHFDUULHGRXWRQDVFDOHG
HDUWKPRYLQJ RSHUDWLRQ (TXLSPHQW SRVLWLRQV ZHUH FDSWXUHG E\ *36 ORDGHU ERRP DQJOH ZDV VHQVHG E\ D[LV
$FFHOHURPHWHUDQGVWUDLQJDXJHVHQVRUVWUDFNHGWKHZHLJKWRIPDWHULDOWUDQVSRUWHGE\GXPSWUXFNV7KHRSHUDWLRQ
LQYROYHVH[FDYDWLRQRIFXELFPHWHUVRIGU\VDQG\VRLO7KHSURJUHVVZDVFDOFXODWHGE\WKHGHYHORSHGSURWRW\SH
DQG FRPSDUHG WR SURJUHVV FDOFXODWHGPDQXDOO\ DQG XVLQJ FRQYHQWLRQDO*36 WDJV DV VKRZQ LQ )LJXUH $ YLGHR
FDPHUDZDV XVHG WR UHFRUG WKH DFWXDO FRQVWUXFWLRQ SURJUHVV LQ RUGHU WRPHDVXUH WKH DFWXDO SURMHFW GXUDWLRQ 7KH
SURMHFWZDVFRPSOHWHGLQKUVZLWKDWRWDOFRVWRI7KHDFWXDOWRWDOYROXPHRIVRLOLQFXWORFDWLRQVZDV
FXELFPHWHUV

)LJ&RQVWUXFWLRQ2SHUDWLRQ7UDFNLQJ3URWRW\SH7HVWLQJ&RPSDULVRQ
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7KHFRPSDULVRQ UHVXOWV LOOXVWUDWHG LQ)LJ VKRZ WKDW WUDGLWLRQDO*36HVWLPDWHG WKHSURGXFWLYLW\RI WKH IOHHW
ZLWK D PHDQ DEVROXWH HUURU RI  7KH HUURUV LQ WKLV HVWLPDWH ZHUH FRQVLGHUDEO\ OHVV DW  XVLQJ WKH
GHYHORSHGSURWRW\SH7KHUHVXOWVVKRZWKDWWKHGHYHORSHGSURWRW\SHRXWSHUIRUPHGWKHWUDGLWLRQDO*36LQFDOFXODWLQJ
WKH HDUWKPRYLQJ SURJUHVV ZKLFK ZDV DOVR UHVXOWHG LQ PRUH DFFXUDWH IRUHFDVWLQJ RI SURMHFW FRVW DQG GXUDWLRQ DW
FRPSOHWLRQ

7KUHH DSSOLFDWLRQ FODVVHVZHUHSUHVHQWHG DERYH WRGHPRQVWUDWH WKHPDMRU FODVVHV
 WHPSODWH IRUZLUHOHVV VHQVRU
QHWZRUNVGHVLJQDQGFRQILJXUDWLRQ7KHUHTXLUHPHQWVIRUWKHKDUGZDUHFRQILJXUDWLRQDQGWKHLUQHWZRUNWRSRORJ\FDQ
EHVXPPDUL]HGDVIROORZLQJ
7DEOH$SSOLFDWLRQV
UHTXLUHPHQWFRPSDULVRQ
5HTXLUHPHQW ,QIUDVWUXFWXUH'DWD
&ROOHFWLRQ
6LWH6DIHW\DQG6HFXULW\
0RQLWRULQJ
&RQVWUXFWLRQ2SHUDWLRQ0RQLWRULQJDQG
7UDFNLQJ
'DWDWUDQVIHUUDWH /RZ +LJK 9HU\+LJK
1HWZRUN/DWHQF\ +LJK0LQXWHV ([WUHPHO\/RZ0LOOH
6HFRQG
0HGLXP6HFRQGV
0HDVXUHPHQW$FFXUDF\ ,QIUDVWUXFWXUHSDUDPHWHUV
XVLQJVHQVRUVZLWKDFFHSWDEOH
DFFXUDF\
/RFDWLRQXVLQJ*36ZLWKVXE
PHWHUDFFXUDF\
/RFDWLRQXVLQJ5)SURSDJDWLRQZLWK
DFFHSWDEOHDFFXUDF\
(QHUJ\&RQVXPSWLRQ 9HU\/RZ 9HU\+LJK +LJK
3RZHU6XSSO\/LIHWLPH 9HU\/RQJ0RQWKV<HDUV /RZGD\V 0HGLXPZHHNV
6\QFKURQL]DWLRQ +LJK3UHFLVLRQ0LOOH
6HFRQG
+LJK3UHFLVLRQ0LOOH
6HFRQG
0HGLXP3UHFLVLRQ6HFRQG
&RQFOXVLRQ
7KLVSDSHU IRFXVHGRQGHVLJQLQJDQGFRQILJXULQJZLUHOHVV VHQVRUQHWZRUNVKDUGZDUHDQGVRIWZDUH IRU VHOHFWHG
FRQVWUXFWLRQDSSOLFDWLRQV7KHIUDPHZRUNLVGHVLJQEDVHGRQDSSOLFDWLRQ
VREMHFWLYHXVLQJDUDSLGSURWRW\SLQJDQG
LWHUDWLYH V\VWHP UHILQHPHQWPHFKDQLVP 7KH UDSLG SURWRW\SLQJ DOORZV HDUO\ HYDOXDWLRQ RI WKH FRQILJXUHG V\VWHP
EHKDYLRUDQGSHUIRUPDQFH7KHSURSRVHGGHVLJQ LQFRUSRUDWHVDVHOIDGDSWLYHFRPSXWLQJFRQFHSWZKLFK LVDEOH WR
VHOIFRQWURO LWV LQWHUQDOIXQFWLRQVDQGRSHUDWLRQVZKLOHDGDSWLQJWR WKHFRQWLQXDOO\FKDQJLQJMREVLWHHQYLURQPHQW
)LYHSURWRW\SHGHVLJQVDUHSUHVHQWHGWRVXSSRUWFXUUHQWSUDFWLFHVRIFRQVWUXFWLRQRSHUDWLRQVLQRXWGRRUDQGLQGRRU
HQYLURQPHQWV 7KH SDSHU DUWLFXODWHG WKH GHVLJQV REMHFWLYHV V\VWHP IXQFWLRQDOLWLHV KDUGZDUH FRQVWUDLQWV DQG WKH
SHUIRUPDQFH PHDVXUHV 7KH GHYHORSHG KDUGZDUH ZHUH WHVWHG LQ UHDO WLPH DQG TXLFNO\ DGMXVWHG XQWLO WDUJHWHG
SHUIRUPDQFHPHDVXUHVZHUHVDWLVILHG7KHREWDLQHGUHVXOWVVKRZWKHFRQVLVWHQF\RIWKHGHYHORSHGSURWRW\SHVZLWK
WKHLUH[SHULPHQWDODSSOLFDWLRQVDQGWKHLUHIILFLHQF\LQFRPSDULVRQWRWUDGLWLRQDOSUDFWLFHV
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